In this informal report, I outline my research efforts, collaborations, and other ex- 
gram? The answer to the first question can be found in NRL's Human Resources instruction document (NRL, 1996): It is NRL policy to maintain a highly competent corps of professional personnel by providing opportunities for employees to keep abreast of advances in their fields. The purpose of the Advanced Graduate Research Program is to permit selected employees to pursue collaborative research in their own or related fields on a full-time basis.
To answer the latter question, I will provide my personal motivation for embarking on this year-long program.
A. Polymer Physics Background
My career with NRL began in May 2000 while a part-time graduate student in computational polymer physics. Although my efforts with NRL were focused on acoustic imagery (Bentrem, 2009b; Bentrem et al., 2006) and sediment classification (Bentrem et al., 2002a (Bentrem et al., , 2006 Brown et al., 2001; Harris et al., 2008) , I completed my doctoral research in simulations for polymer electrocoatings (Bentrem and Pandey, 2005; Bentrem et al., 2000 Bentrem et al., , 2002b . (See Fig. 1 ). In recent years, I have searched for ways to use my background and expertise in molecular simulations to best serve the missions of both the Marine Geosciences Division and the laboratory as a whole.
B. Role of Polymers in Marine Sediments
Much progress is being made towards understanding the physical properties of geologic sediments in terms of the chemical constituents. However, much remains to be understood regarding the influence of organic matter on mechanical and electrical properties of marine sediments. In particular, how do the polymer components (polysaccharides, biomolecules, etc.) of organic matter affect the flocculation, aggregation, and shear strength of muddy sediment on the seafloor? The Marine Geosciences division is increasing efforts to understand these important issues, which impact Navy interests, such as trafficability, mine burial, and beach morphology, to name a few. (Bentrem et al., 2000) for polymer electrocoating with uniform electric field E. Inset shows surface roughness from a cross section with thickness h.
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FIG. 1 Simulation snapshot
C. Opportunities in Polymer Science
Tulane's PolyRMC
In August 2007, the physics department at Tulane University announced the opening of the Center for Polymer Reaction Monitoring and Characterization (PolyRMC) with the mission "To be the world's premier center for R&D in polymerization reaction monitoring."
Since Tulane is a mere 45-minute drive from Stennis Space Center, I soon began interacting with the Center's Director and Assistant Director, Professors Wayne Reed and Alina Alb, to discover potential topics for collaboration.
NRL-DC's CBMSE
About the same time (summer 2007) I became aware of NRL's Center for Bio/Molecular Science and Engineering (CBMSE) and their interests in the theory and simulations for polymer systems. In discussions with some CBMSE researchers, we identified areas where 4 my expertise could complement the work they were doing. I was named as an investigator on a proposal to the NRL Nanoscience Institute. The proposal for an innovative type of body armor was one of fifteen selected for presentation before the nanoscience committee, however, it was not selected to go before the Research Advisory Council.
D. Broad Support
Although armed with the background and opportunities for polymer research, I realized that for substantial impact to NRL, I would need to arrange for intensive study and research A. Micro-and Nano-scale Plastic Spaghetti I continued my work with the center's senior scientist, and the "nano-Play-Doh group" on the polymerization kinetics in microfluid channels. NRL has developed a microfluidic system with remarkable control of the shape of the microfluid channels. Polymerizing the material in the microfluid channel produces polymer microfibers (Fig. 3) of predetermined shapes.
A potential application for the microfibers is in producing high-strength materials such as body armor. My results for the kinetics of the photopolymerization in the microfluid device were intended to be used as a guide for the design of the apparatus in producing micro-and nano-scale fibers.
B. Artificial Muscles
Another group I worked with at CBMSE was the liquid-crystal (LC) group. I became interested in an electroclinic LC experiment that they had recently performed. An electroclinic LC is one for which the aligned LC components tilt in either direction under the influence of a switching electric field. The tilting causes the electroclinic LC to contract so that it behaves as an artificial muscle controlled by the applied electric field. Experiments had been performed both with the ordinary electroclinic LC and an electroclinic LC elastomer, where polymer backbones attached to the aligned LC components. The data showed a puzzling difference between the two experiments presumed to be caused by the polymer dynamics. Since I had experience in this area, I performed an analysis on the tilt dynamics and related this to the theory of dynamics for entangled polymer. Interaction among the LC group members is quite active and I had regular discussions and input from various group members. Key parts of this work were included in a recent paper (Spillmann et al., 2010) . 
IV. NEW DIRECTIONS WITH NANO-MATERIAL
A. It's a Bird, It's a Plane, It's Super-Carbon! While listening to some short proposal presentations at CBMSE, my ears perked up at a proposal for experimental research on graphene. Graphene is a 1-atom thick, pure-carbon sheet (See Fig.5 ) with extraordinary electronic, mechanical, and optical properties. It is the strongest material ever tested (200 times stronger than steel), the most sensitive chemical sensor possible (shown to detect single molecules), and the thinnest possible membrane (1-atom thick sheet). Assumed not to exist (based on prior theory), researchers were surprised to discover graphene sheets (Novoselov et al., 2004) , and, due to its unique properties and vast assortment of potential applications (particularly in carbon-based nano-electronics and bio/chemical sensing), it has become one of the "hottest" topics in physics. One of the great challenges in using graphene as a semiconductor in nano-electronics and bio/chemical sensing is understanding and controlling the ripples that spontaneously form throughout the sheets, which can be seen with electron microscopy. Prior to my sabbatical year, I had already experienced the benefits of multidisciplinary approaches to research by applying my skills in statistical physics to problems in underwater acoustics (Bentrem et al., 2002a; Bentrem, 2009b; Bentrem et al., 2006 As a direct result of my efforts in the AGRP, I have:
• 1 accepted refereed journal article (Bentrem, 2009b ) (sole author)
• 1 submitted journal article (coauthor)
• 1 manuscript in progress (lead author)
• 1 international conference presentation (coauthor)
• 2 future international conference presentations (March 2010, lead author)
• 1 Provisional Patent Application filed and approved by NRL's Invention Evaluation Board (Bentrem, 2009a) • 1 DTRA proposal submitted (not funded)
• 1 planned proposal
• Enhanced polymer simulation model ideally suited for the Marine Geosciences Division's ARI (starting in FY10).
My partaking in the AGRP (sabbatical) was time and effort well spent. As the old adage goes, "A wood chopper never wastes time when he takes the time to sharpen his ax".
By broadening and deepening my skills in science, math, and computation, I believe I am well-positioned to creatively solve the scientific and engineering problems I will encounter at NRL.
